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M74 MOTORWAY, GLASGOW –  
GEOTECHNICAL ASPECTS OF DESIGN AND CONSTRUCTION 
 













The 7.8 kilometre long M74 Completion project forms the final part of the motorway box around the city of Glasgow. Construction 
commenced in May 2008 and was completed in June 2011. 
 
The urban route corridor presented many geotechnical challenges to the design and construction teams. It is underlain by Recent, 
lightly over-consolidated Clyde Alluvium of maximum 35 metres thickness over Glacial Till and Carboniferous Coal Measure 




 centuries which deposited waste over the 
natural ground containing chromium, steel works slag and hydrocarbons. The route corridor is also underlain by historical coal 
mining. 
 
This paper details the geotechnical design and construction to overcome the challenges for earthworks and structure foundations posed 





The £440 million ($680 million), 7.8 kilometre long M74 
Completion scheme was let as a Design and Build contract to 
a consortium of four UK contractors in 2007 by the Client, 
Transport Scotland and Glasgow City Council. The dual 3-
lane construction forms the final part of the motorway box 
around Glasgow city centre and is an integral part of the 
improvements to transport links for the 2014 Commonwealth 
Games. Construction commenced in August 2008 and was 
completed in June 2011. 
 
The location of the scheme is shown in Fig. 1. It runs from the 
junction with the M8 motorway to the west of the city centre 
(Ch 080) to join the previous termination point of the M74 to 
the south of the city centre at Fullerton (Ch 7860). 
 




Fig. 1. Scheme Layout Plan 
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HISTORICAL SETTING 
 
Historical maps dating from 1857 show that the route corridor 
was already developed by local industry with ironworks to the 
south and west and chemical works to the south. They also 
show numerous coal pits and shafts. 
 
By 1899 the industry had expanded further with a chemical 
works in the centre of the route corridor and a major 
expansion of railway lines. 
 
By 1938 some of the chemical plants had shut down together 
with collieries close to the route corridor. The Clydebridge 
Steel and Ironworks had continued to expand at the western 
end of the route corridor, an expansion that continued to 1968. 
 
By 1975 the extent of the railways had reduced and all heavy 
industry had been replaced by light industrial estates. 
 
By the commencement of the construction in 2008 most of the 
light industrial units had been abandoned or demolished. 
 
Coal mining was active beneath the route corridor over the 
period 1814 to 1926. Seven seams up to 1.5 metres were 
mined using predominantly pillar and stall techniques. This 
method mined in galleries up to 6 metres in dimension leaving 
pillars of coal as a roof support. The main areas of the route 
corridor underlain by coal mining are Dixon Blazes (Ch 1220 
to 2340) and Cambuslang (Ch 5790 to 7780).   
 
 





The overall geological sequence underlying the route corridor 












The Made Ground underlying the route corridor comprises 
predominantly waste material from the industrial processes 
described in section 2.0 above  
 
The general Made Ground along the route corridor is 1 to 5 
metres thick, is construction derived and was generally 
encountered as a sandy clay with brick, concrete and timber 
exotics. The liquid limit was generally in the range 22 – 50%, 
plasticity index in the range 6 – 20% and un-drained shear 
strength in the range 25 – 60kN/m2. This material is locally 
contaminated with hydrocarbons. 
 
Made Ground derived from steel slag underlies the western 
end of the route corridor between Ch 6250 and 7500 and was 
encountered in a thickness range of 3.0 to 7.0 metres. The 
material was encountered as a dense to very dense sandy 
gravel with an average SPT N-value of 30 but many values 
recorded as greater than 50. 
 
Chromate Ore Processing Residue (COPR) underlies the 
centre of the route corridor between Ch 4380 and 5060 and is 
a waste product of the historical chemical industry. It was 
encountered in a thickness range between 4.0 to 12.0 metres 
and generally comprises a granular material varying from silt 
to sandy gravel with recorded SPT N-values in the range 5 to 
20. 
 
Between Ch 5900 and 6100 the route corridor was underlain 
by 1 to 2 metres of predominantly ash derived Made Ground 
overlying up to 3.0 metes of paper pulp deposited as a waste 





The Clyde Alluvium underlying the route corridor is generally 
between 15 and 20 metres thick but reaches a maximum 
thickness of 35 metres at Cambuslang. It was initially 
deposited as a lacustrine deposit in an ice-dammed lake and 
latterly in a marine alluvial environment.  
 
The material is predominantly cohesive in nature comprising a 
very silty clay/clayey silt with lenses and partings of silt and 
fine sand.  
 
Laboratory testing on the Clyde Alluvium recorded liquid 
limit generally in the range 20 to 60% the range with plasticity 
index generally in the range 5 to 35 %. Natural moisture was 
recorded between the liquid and plastic limits. Laboratory 
triaxial testing recorded un-drained shear strength (Cu) 
generally in the range 20 to 40 kN/m
2
 with no increase with 
depth. This is close to the range calculated for a normally 
consolidated cohesive material after Skempton. In situ SPT N 
values, however, recorded values generally in the range 5 to 
20 and showed an increase with depth. Cu values derived from 
these results after the approach of Stroud & Butler and 
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Terzaghi were in the range 50 to 75kN/m
2
 which were closer 
to values recorded on in situ material during the construction 
works.  
 
Thorburn et al record the Clyde Alluvium to lightly over-
consolidated due to eustatic rise and analysis of laboratory 
oedometer testing indicates a pre-consolidation pressure 
generally in the range 80 to 150 kN/m
2
. Cc values were 
generally determined in the range 0.23 to 0.33 from laboratory 
testing. An average Cv value of 30m
2
/year was determined 
from laboratory testing when in the range of overburden 
pressure and likely applied pressure from embankment 
construction. A trial embankment constructed at Cambuslang, 
at the eastern end of the route corridor, for a previous contract 
determined an average Cv value of 90m
2
/year from back 
analysis of settlement over time. Cone penetration testing in 







Up to 5 metres of Glacial Till overlies bedrock along the route 
corridor.  It was generally encountered as a sandy gravelly 
clay with some cobbles.  
 
Laboratory testing on the Glacial Till recorded liquid limit 
generally in the range 28 to 32% the range with plasticity 
index generally in the range 6 to 17 %. Natural moisture was 
recorded below or just above plastic limit. An average un-
drained shear strength of 150 kN/m
2
 was determined from 





The superficial deposits along the route corridor overlie 
bedrock of Carboniferous age belonging to the Upper, Lower 
and Middle Coal Measure Groups. 
 
The strata are characterised predominantly by thin to medium 
bedded fine to medium grained Sandstones with subsidiary 
mudstone, siltstone and coal beds.  
 
Testing on samples of core recovered from the boreholes 
showed an average Unconfined Compressive Strength of 30 
MN/m
2
 and average axial point load Is50 of 1.5MN/m
2
 
classifying the rock as moderately weak to moderately strong 
after BS 5930. RQD values on the recovered core were 








The earthworks strategy on the scheme was controlled by the 
desire of the Client to minimise the amount of excavation in 
the contaminated Made Ground material. Although a cut to fill 
balance could have been achieved this would have required a 
considerable volume of material to be transported to licensed 





The earthworks strategy required the construction of 
embankments up to 10.5 metres in height with a resulting 
earthworks deficit of 1.5 million m
3
 of material for 
embankment fill. 
 
The required fill deficit was sourced chiefly from local waste 
materials from previous industrial development predominantly 
burnt colliery/oil shale (Red Blaes) and un-burnt colliery shale 
(Black Blaes). These materials commonly occur as well 
graded granular sand and gravel. Smaller quantities of 
embankment fill material were also sourced from within the 
scheme from Clyde Alluvium from cutting and excavated 
Made Ground. The former was conditioned by addition of 
lime and the latter was cleaned using an on-site soil hospital to 
remove contamination. 
 
The nature of the imported material determined the stable 
earthworks slopes along the scheme. Laboratory testing 
indicated appropriate design parameters of c’ = 0kN/m2 and ’ 





Where embankment construction was underlain by worked out 
coal seams these were treated by injection of 
sand/PFA/cement grout. This was injected through holes at 3 
metres c/c. If grout was not observed in proximate holes 
additional hole centres at 1.5 metres c/c were constructed to 
ensure full penetration. 
 
Founding embankments of up to 10.5 metres with up to 
210kN/m
2
 applied pressure introduced issues of stability and 
settlement of the founding material. 
 
Slope stability analysis indicated that although large scale 
failures of the embankment foundations achieved the 
necessary Factor of Safety of 1.3 to BS 6031, small scale 
failures at the embankment toe did not achieve the minimum 
Factor of Safety when the thickness of the Made Ground was 
less than 2.5 metres and un-drained strength parameters were 
used for the underlying Clyde Alluvium. At locations where 
these conditions occurred a layer of basal reinforcement across 
the embankment width was employed to provide additional 
shear resistance across potential failure surfaces and some 
97,000m
2
 were used along the whole route corridor. 
 
As embankment construction was underlain by 15 to 25 
metres of lightly over-consolidated Clyde Alluvium the issue 
of consolidation settlement and the time over which primary 
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consolidation was realised was of great importance with 
respect to earthworks quantities and the construction 
programme. A number of potential pre-treatment methods 
were considered during the design process namely: 
 
 Vertical Band Drains 
 Vibro stone columns 
 Vibro Concrete columns 
 Piled raft foundations 
 
In addition, surcharging was considered, in isolation or in 
combination with band drains or stone columns.  
 
The provision of piled raft foundations beneath embankment 
construction along the whole rout corridor was considered 
uneconomic but they were employed at the approach to 
structures as discussed in a later section. 
 
The maximum depth of 12 metres to which vibro stone 
columns and vibro concrete columns can be constructed 
severely restricted their use, as the full depth of compressible 
material could not be treated. They were, however, employed 
below small height reinforced earth retaining walls and below 
a large box culvert at the western end of the route corridor 
where the basal units of the Clyde Alluvium are 
predominantly encountered as dense silty fine sand and, 
hence, the thickness of compressible material reduces. 
 
The use of vertical band drains was restricted by the presence 
of dense slag material at the eastern end of the route corridor 
that would have required extensive pre-drilling for their 
installation. In the central part of the route corridor, from Ch 
3480 to 5060, which is underlain by chromate waste, their use 
was prohibited by SEPA (Scottish Environment Protection 
Agency) as they would provide an additional drainage path for 
contaminated leachate. Similarly, the presence of 
contaminated hydrocarbons in the Made Ground material 
precluded their use below Kingston Embankment (Ch 425 to 
665) at the western end of the route corridor.  
 
This notwithstanding, band drains were employed in the 
central and eastern sections of the route corridor where ground 
conditions allowed. The drains were installed at 2 metres c/c 
to depths between 15 and 35 metres. A total of 730 metres 
length of embankment foundation was treated in this manner 
and some 219.5 kilometres of band drains were installed. 
 
Where pre-treatment methods were precluded surcharging was 
generally employed in order to achieve primary consolidation 
within the construction programme. Surcharge heights of 1.5 
to 2.5 metres were constructed on 1060 metres of embankment 
construction, usually where the final embankment height was 
greater than 3.0 metres. Hold periods of 2 to 14 months were 
imposed based on design calculations using a Cv value of 
30m
2
/year for the Clyde Alluvium and accommodated in the 
earthworks programme.  
 
The rate of embankment fill over the route corridor was, 
however, relatively slow with lifts of the order of 0.5 metres a 
week as fill was predominantly imported using road vehicles. 
Settlement plates and piezometers were installed to monitor 
settlement and increase in pore pressure in the embankment 
founding material. Design calculations indicated settlements 
due to primary consolidation to be up to 1200 mm under 
higher embankments underlain by the greatest thickness of 
Clyde Alluvium. In actuality, primary consolidation was 
achieved more rapidly than calculated with the actual Cv being 
closer to the 90m
2
/year value recorded from the trial 
embankment at Cambuslang. The load versus settlement 





Fig. 3. Load versus settlement record for 
 Kingston Embankment 
 
The advent of PPP projects where a Concessionaire is required 
to operate the road for a 25 to 30 year period has focussed the 
minds of designers with respect to realisation of secondary 
consolidation beneath embankment construction on soft 
ground as it can result in additional interventions to retain the 
as-constructed vertical alignment. On the M74 project, the 
Contract required a 5 year maintenance period subsequent to 
completion of construction and this made the realisation of 
secondary consolidation settlement a potential maintenance 
issue. As stated above, pre-consolidation pressures in the 
range 80 to 150 kN/m
2
 were determined from laboratory 
testing. In theory, therefore, secondary consolidation could 
occur below embankment construction of greater than 8.0 
metres height. The more rapid realisation of primary 
consolidation with surcharging, however, allowed the 
surcharge to be left in place for a longer period than required 
and, hence, the onset of secondary consolidation was extended 
and the rate reduced. Additionally, areas of high embankment 
usually represented those immediately adjacent to structures 
and these were subject to the construction of piled rafts as 
described below. 
 
The excavation of Made Ground material below embankment 
construction was generally limited to pile and drainage 
arisings and the excavation of soft spots. This material was 
treated in an on-site soil hospital to reduce the level of 
contamination and incorporated into the core of the 
embankment construction. 
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route corridor, however, the Made Ground contained paper 
pulp below 7.0 metre high embankment construction. Pre-
design boreholes indicted that this material was disseminated 
in ground predominantly comprising ash fill with layers of 
maximum 500mm thickness. At tender design stage it was 
considered that this material required treatment due to its 
organic nature and it was envisaged that it would be treated 
using the Landpac technique where compaction is introduced 
into the ground to some 4 metres maximum depth using a 
towed vibrating roller which is pentagonal in shape hence 
applying a dynamic effect as well as vibration. 
 
Further investigation during detailed design and construction, 
however, showed that the paper pulp was much more 
extensive having been tipped into old ponds and achieving a 
maximum thickness of some 3.0metres. Additionally, the 
ground surface in the area was of sufficient irregularity to 
warrant the use of the Landpac method impractical. The paper 
pulp material was encountered as laminated with some clay 





Fig. 4. Paper Pulp excavated at Cambuslang 
 
A number of methods were considered for treatment including 
piling, vibro stone columns and dynamic compaction. It was 
considered that these methods were not wholly suitable due to 
the nature of the material, as they would not wholly remove 
the risk of settlement over time if the paper pulp material 
decomposed. Alternative methods of excavate & replace and 
excavate, treat & re-compact were also considered and the 
latter method was chosen as the paper pulp could be 
disseminated so that any degradation would not result in 
collapse settlement. In order to determine the depth of 
required treatment, all ground investigation information was 





Fig. 5. GIS contour plot of paper pulp depth at Cambuslang 
 
Site laboratory trials indicated that a mixture of 1:2 PFA to 
paper pulp with 1 – 3% lime, added to achieve workability, 
would achieve a minimum MCV (Moisture Condition Value) 
of 6% in order to ensure compaction of individual layers 
which were spread and compacted in 250mm layers. The 
MCV value was chosen to mirror the strength of the existing 
ground as the area was subject to installation of vertical band 
drains subsequent to the works. The use of a PFA/paper pulp 
mix had previously used in Finland to create sub-base for road 
construction. Some 40,000m
3
 was excavated in bays up to 5 
metres deep, mixed on site and re-compacted. Site compliance 
testing indicated MCV values in the range 6 to 12 with un-
drained shear strength, measured by hand shear vane, in the 
range 40 to 100kN/m
2
. Subsequent measurement of settlement 
over time during embankment construction indicated that the 





The only cutting along the route corridor was at Cathcart on 
the western section (Ch 1730 – 2250) and reached a maximum 
depth of 9.5 metres. The cutting was formed in Made Ground 
(maximum depth 2.0 metres) overlying Clyde Alluvium. 
 
The cutting presented a good opportunity to observe the in situ 
strength and structure of the Clyde Alluvium and confirmed 
the un-drained shear strength of the material as derived form 
exploratory hole SPT N-values, as described above.  
 
The cutting side slopes were designed at 1V:3H to achieve a 
minimum factor of safety of 1.3 after BS 6031 using long term 
design parameters of c’ = 0kN/m2,  = 26 derived from 
triaxial testing of samples recovered from exploratory holes 
during the ground investigation.  
 
On the southern side of the cutting, which reached a maximum 
height of 5.5 metres, not only ULS failure had to be 
considered but also SLS deformation of the cutting face, both 
during construction and in the long term, as the crest of the 
slope is in close proximity to the London to Glasgow main 
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railway line and settlement resulting from the cutting 
deformation may have effected settlement below the live 
railway tracks. The likely settlement was analysed using the 
PLAXIS Finite Element program considering a construction in 
layers and varying the stiffness of the cutting slope material 
from un-drained to drained over time. The analysis was 
reinforced by real time positional monitoring of the tracks 
during construction so that remedial re-ballasting of the track 
could be undertaken if differential movement was greater than 
operational tolerances. 
 
Interface with Structures 
 
Differential settlement between structure abutments and 
adjacent earthworks can present a long-term settlement 
problem particularly if the embankment is constructed on a 
compressible foundation and the adjacent structure abutment 
is constructed on piled foundations. 
 
This was potentially a problem on the M74 motorway and the 
Client specified a maximum differential settlement of less than 
25mm for a distance of 10 metres from the rear of each 
structure. 
 
As described above, the depth of compressible Made Ground 
and Clyde Alluvium precluded the use of vibro stone or vibro 
concrete columns to treat the full depth of compressible 
material. A design solution using driven pre-cast concrete 
piles was, therefore developed.  
 
A grid of 275mm x 275mm pre cast piles at 1.8 to 2.3m c/c 
was constructed for a length of 20 – 25 metres behind each 
structure abutment. Pile lengths varied from 20 to 35 metres 
depending on depth to rockhead. Pile heads of 900mm x 
900mm were cast in situ on each pile. Load spread between 
the piles was achieved with 1500mm of well graded granular 
rock fill and two layers of high tensile geogrid designed as 
different grades with respect to the shear parallel and 
transverse to the embankment construction. A typical pile 

















Fig. 6. Typical layout of piled raft behind 




Fig. 7. Installation of piled support embankment 
 
The normal design of a pile supported approach embankment, 
after Reid and Buchanan, relies on the piles working 
predominantly in skin friction with pile length reduced away 
from the structure to produce a gentle settlement profile along 
the approach embankment. This approach was not possible on 
the M74 contract as the underlying Clyde Alluvium did not 
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provide sufficient design skin friction to take the full applied 
embankment load. Piles were, therefore, driven to refusal on 
rock-head and worked predominantly in end bearing. Dynamic 
pile testing showed that the piles achieved a working load of 
875 – 900kN using a factor of safety of 2.0 on ultimate load 
capacity.  
 
The piles act in three ways: 
 
 To support the earthworks embankment 
 To work in negative skin friction adjacent to the 
embankment construction not supported by the piled raft 
 To counteract the lateral squeezing of the Clyde Alluvium 
due to applied embankment load 
 
The rear two rows of piles were designed to take negative skin 
friction with a reduced factor of safety of 1.5 on axial pile 
capacity. 
 
The lateral squeezing of soft ground below embankment 
construction can introduce additional shear and bending on 
piled abutment foundations. This effect can be determined 
using the approach after Springman and Bolton. The effect of 
lateral squeezing on the pile supported approach embankment 
from the adjacent embankment construction was analysed 
using the PLAXIS Finite Element program.  
 
Driven pre-cast concrete piles are traditionally lightly 
reinforced, with one T12 or one T16 vertical reinforcing bar in 
each corner, predominantly to cope with handling and driving 
forces. The need to employ the piles in bending required the 
use of piles with 2no T16 bars in each corner to increase the 
bending moment capacity to 120kNm. As the design pile 
lengths were greater the manufactured length, jointed piles had 
to be constructed and it was recognised that the moment 
capacity of the pile joint (72kNm) was less that of the pile 
shaft. The driven pile lengths had, therefore, to be designed to 
match the bending moment profile generated by the PLAXIS 





The route corridor alignment required the construction of 13no 
principal structures of 1.7 km  total length. These were 
predominantly to allow the motorway to span over road, rail 
and river crossings. 
 
Due to the depth of potentially compressible strata it was 
decided during the tender design stage that the use of ground 
bearing foundations was impractical to achieve the differential 
settlement criteria between structural supports. 
 
Preliminary design focussed on the use of bored cast in situ 
piles constructed with a 1.5 metre socket into moderately to 
slightly weathered sandstone bedrock. During discussions with 
piling contractors at tender stage the design philosophy was 
revised such that Continuous Flight Auger (CFA) piles were 
used where design pile lengths were less than 27.5 metres 
using a high torque rig capable of achieving the required 
length socket into the bedrock. Additionally, for two structures 
driven pre-cast piles of 275mm x 275mm size were used. 
 
Skin friction was calculated for the strata overlying the 
bedrock but this represented only 15% of the axial load 
capacity of the piled foundation. Skin friction and end bearing 
in the rock socket provided the majority of the load capacity 
and was calculated using the approach of Williams & Pells 
and Wyllie. An unconfined compressive strength of 15 MN/m
2
 
was considered in the calculations that was conservative based 
on laboratory testing of core samples recovered from 
boreholes.  Working pile capacity was also limited to 0.25 of 
characteristic compressive strength of the piling concrete after 
the approach of British Standard 8004. 
 
Working loads for varying pile diameters utilised on the M74 




1050mm diameter: 8500kN 
120mm diameter:10000kN 
 
For many of the structures pile number and spacing below 
each structure support was determined by optimisation of pile 
cap thickness and reinforcement rather than maximising axial 
load capacity although the design load capacity was required 
when live load effects on the bridge deck were considered. 
These were determined using the REPUTE v1.5 boundary 
element program. Determination of shear and bending 
moment reinforcement down the pile shaft generally indicated 
that nominal reinforcement was required below the upper 10 
metre length and main pile reinforcement was generally 
detailed to a maximum 12 metres length. 
 
The major structure along the route corridor was the 12 span, 





Fig. 8. View of Port Eglinton Viaduct under construction 
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Pile lengths of 34.5 to 43.5 metres were required for the 
support of the structural elements and comprised a 
combination of 900mm and 1050mm diameter piles for the 
piers and 1200mm diameter piles for the abutments. All piles 
were constructed using the bored cast in place technique using 
either bentonite and/or temporary full-length casing to 
bedrock. At some supports pile construction was restricted to 
possession times due to working adjacent to railway tracks or 
the Glasgow Subway. The requirement for pile construction to 
be completed in a 24 hour period was lifted at these locations. 
 
At the 4 span Rutherglen Bridge (Ch 4710 to 4850) similar 
restrictions were placed on the construction of piled 
foundations at pier locations which were situated in a triangle 
of railway tracks. In order to complete one pile in each 6 hour 
restricted shift an extended CFA piling rig was used to 
construct piles of 33 metres maximum length. 
 
For the only over-bridge along the route corridor, the 2 span 
structure at Cathcart Road (Ch 1795 – 1820) the construction 
and structural design teams elected to construct the structure 
top down with the deck being constructed once the piled 
foundations had been formed and the soil below excavated 
subsequent to deck construction. This was to allow the traffic 
to be diverted seamlessly from the original bridge where 
traffic was carried on the new structure with excavation being 
undertaken in the cutting below. 
 
Sandstone bedrock at this location is situated at some 26 
metres below ground level and the abutments were 
constructed as contiguous bored pile walls, formed of 900mm 
diameter piles at 1200mm c/c, onto which a structural facing 
was constructed. Analysis was undertaken using the 
WALLAP retaining wall and PLAXIS finite element programs 
and indicated that the piled walls could be supported by the 
deck structure with acceptable deflections and bending 
moments down the pile shaft. 
 
The structure also involved construction of structural wing 
walls up to 9 meters high and 30 metres long on similar 
diameter piled foundations. Deflections of the wing walls had 
to be limited to limit settlement on structures adjacent to the 
bridge and additional support had to be provided. 
 
The strength of the soil overlying the Sandstone bedrock, 
which was predominantly Clyde Alluvium, precluded the use 
of soil anchors and the length of rock anchors, some 70 metres 
made these an uneconomic design solution. Buttress piles, as 
shown in Fig. 9 were adopted to provide additional moment 
restraint at capping beam level to minimise deflection at deck 










Fig. 9. Detail of Buttress Piles at Cathcart Road Over-bridge 
 
Settlement of piled foundations for each structure under axial 
load was estimated during design stage after the approach of 
Fleming.  Preliminary pile testing was carried out on 3no piles 
at Port Eglinton Viaduct, 1no driven pre-cast pile and 3no 
CFA piles at the eastern end of the route corridor to confirm 
design load/settlement behaviour. Piles were tested using the 
maintained load test procedure to 2.5 x Design Working Load 
and achieved up to 10mm settlement under working load, 
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